Process optimization based on carrot powder color characteristics  by Gong, Yuanjuan et al.
lable at ScienceDirect
Engineering in Agriculture, Environment and Food 8 (2015) 137e142Contents lists avaiEngineering in Agriculture, Environment and Food
journal homepage: http: / /www.sciencedirect .com/eaefResearch paperProcess optimization based on carrot powder color characteristics
Yuanjuan Gong a, Guomiao Deng a, Chungsu Han b, Xiaofeng Ning b, *
a Department of Agricultural Mechanization Engineering, Shenyang Agricultural University, Shenyang, Liaoning 110866, China
b KSAM Member Department of Biosystems Engineering, Chungbuk National University, Cheong-ju 361763, Koreaa r t i c l e i n f o
Article history:






Optimization of process* Corresponding author.
E-mail address: xiaobei42@hotmail.com (X. Ning)
http://dx.doi.org/10.1016/j.eaef.2015.07.005
1881-8366/© 2015 The Authors. Published by Elsevier
BY license (http://creativecommons.org/licenses/by/4a b s t r a c t
The carotenoid content indicates the processing quality of carrot powder. The carotenoid content of
carrot powder was analyzed using digital image processing technology and color analysis technology,
and an estimation model between the carotenoid content and color characteristics was established. The
carrot was dried using different drying methods. The veriﬁcation test result shows that model ﬁtting is
prominent and the test error is small and promptly improves the reference of testing for the carotenoid
content of carrot powder. The processing parameters of the carrot powder with the highest carotenoid
content are as follows: the carrot was frozen and thawed using the freeze drying method; the powder
particle size is 80e120 mesh.
© 2015 The Authors. Published by Elsevier B.V. on behalf of Asian Agricultural and Biological Engineering
Association. This is an open access article under the CC BY license (http://creativecommons.org/licenses/
by/4.0/).1. Introduction
Carrots have high nutrition, health care and medical values.
When a carrot is turned into a powder with microstructure, its
surface area and porosity signiﬁcantly increase and the product
dispersivity, solubility and functionality noticeably strengthen,
which makes it easily digested and absorbed in human bodies
(Zheng and Xia, 2006; Ma et al., 2008; Gong et al., 2006). Carrots are
rich in cellulose, sugar, protein and other biologic activity materials,
which lead to greater stickiness, higher toughness and worse heat-
resistance during the pulverizing process, so pulverizing and clas-
siﬁcation become much more difﬁcult (Gai, 1999). In particular,
when the material granularity gradually decreases during the
pulverizing process, its surface area sharply increases; particles
with high superﬁcial energy are easily agglomerated; when the
particles are much smaller, the agglomeration trend is more
prominent; and when the particles are pulverized to some granu-
larity, the dynamic equilibrium between pulverization and
agglomeration appears. Furthermore, the pulverizing process de-
teriorates because of the increased particle agglomeration (Gong
and Zeng, 2009). Therefore, ultraﬁne grinding technology has
practical signiﬁcance regarding carrot powder.
Carotenoid contains a hydrocarbon with an unsaturated double
bond or its oxygen derivatives, which are unstable and sensitive to.
B.V. on behalf of Asian Agricultura
.0/).oxygen, light, heat and acid. The decomposition speed of carotenoid
increases with increasing temperature. Carotenoid easily breaks
down when it is exposed to light, and carrot micro-powder has
much higher chances of contacting light to oxidize and break down
when the particle size decreases and the surface area increases. It is
necessary to study the effects on the carotenoid content in carrot
powder under different process conditions to improve the quality
of carrot ultra-micro powder. However, the routine testing process
of extracting carotenoid in carrot powder using an extracting agent
and subsequently measuring the carotenoid content by testing the
absorbency is notably complicated and increases the testing error
(Fan et al., 2001). Therefore, a rapid test of the carotenoid content in
carrot powder has practical signiﬁcance.
Suzuki. T's study (Suzuki, 1995) conﬁrmed that there is a sig-
niﬁcant correlation between the color characteristics G/(R þ G þ B)
and the chlorophyll content in broccoli seedling leaves. Adamsen F.J
has proven that the chlorophyll content in wheat leaves is well
correlated to G/R (Adamsen et al., 1999). Li Y used a digital camera
to obtain color images of tomatoes and to extract its color feature
values using the image processing software. The experiment in-
dicates that color features are highly correlated to the nitrogen
index (Li et al., 2007). Cai HC has veriﬁed that G/R and R/(RþGþ B)
are the main color characteristic parameters of the carotenoid
content (Cai et al., 2006). The carotenoid content of carrot powder
was analyzed using digital image processing technology and color
analysis technology, and an estimation model between the carot-
enoid content and the color characteristics was established. Based
on these results, in an experimental study with different pre-l and Biological Engineering Association. This is an open access article under the CC
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carrot were included), carrot was dried using different techniques:
vacuum freeze drying, vacuum drying, microwave drying and hot-
air drying; then, carrot powder with different particle sizes were
processed. In the orthogonal test analysis, the processing parame-
ters of the carrot powder with the highest carotenoid content were
determined. The study conclusion on carrot powder production
processing has guiding signiﬁcance.
2. Materials and methods
2.1. Material
The carrot used in the experiments is red core No. 4, and the
average moisture content of the raw carrot is 91%.
2.2. Methods
2.2.1. Equipments
FD-5 vacuum freezing dryer (Beijing Boyikang Technology
Company); WD850B microwave oven (Guangdong Shunde Gelan-
shi Group); DZF-6090 vacuum dryer (Shanghai Jinghong Laboratory
Equipment Company); JY2002 electronic balance (Shanghai Exact
Science Instrument Company, 0.001 g); 101-0A electrothermal
constant-temperature dry box (Shanghai Sunshine Experiment
Instrument Company); DWF-1088 multi-function food processor
(YangzhouWenfeng electric appliance company); centrifuge (Japan
Rili Company); electric heating constant-temperature water-bath
pot (Changzhou Guohua Electric Appliance company).
2.2.2. Preparation of carrot powder
The raw carrot were sliced with the size of 7.1  5.5 mm (w  t)
and then did the pre-treatments of cooking and freezing-thawing.
Subsequently, the carrot were dried using vacuum drying, freeze
drying, heated-air drying and the microwave drying method,
respectively. Finally the carrot powder can be obtained through
grinding and screening.
Heated-air drying, microwave drying, vacuum drying and freeze
drying were compared in this study (Che and Zhu, 2006; Tao,
2004). The carrot's average moisture content after drying is 5%.
The freeze drying conditions were: pressure of the drying chamber
of 150 Pa; temperature of the heater plate of 40 C. The vacuum
drying conditions were: pressure of the drying chamber of
0.07 MPa; temperature of the heater plate of 65 C. The microwave
drying condition was: 20 min with moderate heat (the power is
540W) at ﬁrst and low heat (the power is 180W) subsequently. For
heated-air drying, the temperature was 65 C. After drying, the
carrot wasmashedwith themulti-function pulverizer and screened
through 80e120 meshes, 160e200 meshes and more than 240
meshes; then, the carrot powder sample was obtained.
2.2.2.1. Pretreatments of the carrot were as follows.
Freezing-thawing treatment: a type of cell disruption technology
with low-temperature freezing and high-temperature melting was
applied to the carrot. By freezing-thawing, the carrot slices and the
carotenoid extraction could be improved (Chen et al., 2004). The
freezing-thawing treatment in the experiment was as follows. First,
raw carrot slices were placed in the cold trap (62 C) of the freeze
drier for 5 h. Then, they were brought from the cold trap to the
natural environment and maintained for 1 h. Then, they were
placed in the cold trap again for 5 h. Finally, they were thawed in
room-temperature condition. The melted carrot slices are experi-
mental materials for the freezing-thawing treatment.
Cooked treatment: To release the nutrition ingredient, the carrot
cell wall was destroyed using microwaves at high temperature(Chinese National Standards, 1990a,b). For the cooked treatment in
this study, a 750Wmicrowavewas used to process raw carrot slices
for 3 min. After the processing, the carrot was cooked.
2.2.3. Equipment of image extraction and selection of the color
characteristic parameter
Equipment of image extraction: The digital camera model used
was CANON-DIGITALIXUS960. The image processing software used
was Adobe Photoshopcs8.0.
Determination of the color characteristic parameter: There are
commonly RGB and HSI color coordinate systems for digital image
processing. The RGB color coordinate system is based on the three
colors: red (R), green (G) and blue (B); other colors are blending
weighted using the three basic colors.
In the RGB color coordinate system, if we only consider the
chroma instead of the light intensity, we only know the relative
value of R, G and B. The relative values of r, g and b are called
chromaticity coordinates, the calculation formulas of which are as
follows:
r ¼ R
Rþ Gþ B; g ¼
G
Rþ Gþ B; b ¼
B
Rþ Gþ B (1)
Extract method of color characteristic parameter: The digital
model was used, where digital images of the carrot powder of
various processes were taken in indoor light. Approximately 50 g
carrot powder was used for taking a photograph of digital images.
The exposure time and color images were controlled using the
digital camera automatic exposure programmer. An image resolu-
tion of 2048 by 1536 pixels was used. RGB color images were ob-
tained and placed in a computer in bmp format, each of which had a
size of 9.0 MB. Adobe Photoshopcs8.0 was used for image analysis
and color feature extraction. The image of carrot powder was
selected by the “magic wand” tool in the “tools” panel. Then, the
histogram programmer in the drop-down menu of “window” was
selected to read the image mean of red (R), green (G) and blue (B) in
each channel. Because the background besides the powder digital
image was artiﬁcially removed in the aforementioned process of
image treatment, which reduces the effect of “image noise” in the
image-processing results, different color characteristics of the
digital image can be taken instead of the actual color information of
carrot powder (Li et al., 2007).
2.2.4. Measurement of carotenoid content in carrot powder
Base on Chinese standard GB12291-90, the carotenoid of carrot
powder was extracted using an extraction solvent (chlor-
oform:methanol (v:v) ¼ 2:1). The absorbance was measured at l
max of 458 nm, when the extraction solvent was treated as a blank
space (Chinese National Standards, 1990a,b; Cao et al., 2003; Gong,
2008).
According to the test results, we calculated the carotenoid
content as follows.
M ¼ A 400
m
(2)
where M is the carotenoid content (mg/kg); A is the maximum
absorbance of the measurement; m is the measurement of the
sample; and 400 is the conversion factor.
2.2.5. Statistical analysis
The single variable linear regression and the multivariate linear
regression analysis methods were used to analyze the correlation
between the carotenoid content and the color characteristics in
carrot powder. Differences among the mean values of the experi-
mental data were determined using Duncan's multiple range test
Y. Gong et al. / Engineering in Agriculture, Environment and Food 8 (2015) 137e142 139and one-way analysis of variance (one-way ANOVA) with a signif-
icance level of 0.05. Six samples that were randomly selected from
the entire samples were set as the calibration to build the predic-
tion model (Gong et al., 2012, 2007). The other 6 samples were set
as survey to examine the prediction model.3. Results and discussion
3.1. Correlation analysis of the carotenoid content and color feature
Extraction of the color features of carrot powder: Table 1 shows
the extracted color characteristic parameters of 6 pieces of carrot
powder images using various processes.
The correlation between the carotenoid content and the color
characteristics in carrot powder: The regression analysis, which is a
data analysis method, was used to analyze the relationship be-
tween the color characteristics and the carotenoid content of 6
types of carrot powder of various processing techniques (Liao et al.,
2004). Table 2 shows the correlation between the color character-
istic parameters of carrot powder and the carotenoid content.
Table 2 indicates that the carotenoid content in carrot powder is
highly correlated to G/(R þ G þ B), which has a signiﬁcance test
level of a ¼ 0.01. In addition, the correlation between the carot-
enoid content and color characteristic parameters of R/(R þ G þ B),
G/R, R/G has a prominent test level of a ¼ 0.05. Therefore, the
prediction model of carotenoid content can be established with the
aforementioned color characteristic parameters.3.2. Establishment of the color feature prediction model of
carotenoid content
Based on the statistical analysis results in Table 2, the carotenoid
content prediction model was built using the linear regression
method, which selects G/(R þ G þ B), R/(R þ G þ B), G/R and R/G as
the characteristic parameters of the key color in the digital image.
Y1 ¼
1:16 3:03 G
Rþ Gþ B ðr ¼ 0:90; F0:05 ¼ 17:32Þ (3)
Y2 ¼
0:37þ 0:96 R




ðr ¼ 0:84; F0:05 ¼ 9:90Þ (5)Table 1
Variation of color characteristic parameters of carrot powder with the processes.
Drying methods R/(R þ G þ B) G/(R þ G þ B) B
Freeze drying 0.61 0.31 0
Heated-air drying 0.52 0.34 0
Vacuum drying 0.67 0.29 0
Microwave drying 0.61 0.31 0
Freezing-thawing microwave drying 0.68 0.28 0
Cooked vacuum drying 0.62 0.32 0
Table 2
Correlation analysis of the color features and carotenoid content of carrot powder.
Color features R/(R þ G þ B) G/(RþG þ B) B
Correlation coefﬁcient of Carotenoid r 0.76 0.90 0
Variance analysis F0.05 5.51* 17.32** 2Y4 ¼ 0:16þ
0:19 R
G
ðr ¼ 0:82; F0:05 ¼ 8:49Þ (6)
The single variable linear regression analysis between the
carotenoid content and the color characteristic parameters in carrot
powder indicates that the correlation coefﬁcient a of the model has
a signiﬁcance test level of 0.05 and the correlation coefﬁcient a of
G/(R þ G þ B) has a signiﬁcance test level of 0.01, which can better
estimate the carotenoid content.
The multivariate linear regression analysis, which is one of the
data analyses, was used to further analyze the relationship between
the carotenoid content and the color features. The multivariate










ðr ¼ 0:99; F0:01 ¼ 50:4Þ
(7)
where Y5 is the predicted total carotenoid content (g/kg).
The correlation analysis shows that the model is signiﬁcant and
that the mathematical model ﬁts well, which can be applied to the
prediction.
3.3. Veriﬁcation of color feature model of carotenoid content
A freeze-thawed and cooked carrot was made into carrot pow-
der after drying using freezing, microwave and heated-air drying
methods. A CANON-DIGITALIXUS960 digital camera was used to
take digital images of the carrot powder of various pre-treatments
and drying methods in indoor light. Adobe Photoshopcs8.0 was
used for image analysis and color feature extraction. The extracted
characteristic values of red (R), green (G) and blue (B) were put into
the prediction model. The predictive value was calculated and
compared with the real value. The result was shown in Table 3.
Finally, the conclusions of the error analysis indicate that the most
error values of the 5 prediction models are below ±10%, especially
the error of themultivariate regressionmodel is below±5%, and the
estimated accuracy is high, which can be applied to estimate the
carotenoid content of carrot powder.
3.4. Analysis of inﬂuencing factors of the carotenoid content
Table 4 shows the changes in the carotenoid content for
different particle sizes of carrot powder, which were obtained using
different drying methods. The variance analysis of the data in
Table 4 and the results in Table 5 show that the P value for particle/(R þ G þ B) G/R B/R R/G B/G G/B R/B
.08 0.50 0.13 2.01 0.27 3.75 7.52
.14 0.65 0.27 1.53 0.41 2.44 3.74
.04 0.43 0.05 2.32 0.12 8.03 18.65
.08 0.51 0.13 1.96 0.25 4.06 7.94
.04 0.41 0.06 2.41 0.13 7.41 17.89
.06 0.52 0.09 1.91 0.17 5.84 11.15
/(R þ G þ B) G/R B/R R/G B/G G/B R/B
.63 0.84 0.67 0.82 0.57 0.49 0.57
.68 9.90* 3.19 8.49* 1.97 1.27 1.92
Table 3
Comparison of experimental and predicted value of carotenoid content.
Drying method Experimental value (mg/kg) Predicted value(mg/kg) Error
Y1 Y2 Y3 Y4 Y5 Y1 Y2 Y3 Y4 Y5
F-T-F-D 302 298 291 282 281 296 1.431% 3.911% 6.649% 7.071% 2.193%
F-T-H-D 201 213 212 200 214 201 6.072% 4.937% 0.351% 6.393% 0.088%
F-T-V-D 283 297 291 293 296 283 4.748% 2.746% 3.481% 4.418% 0.169%
CeF-D 158 148 139 143 145 197 6.560% 13.892% 9.533% 8.441% 4.618%
C-M-D 132 146 132 139 147 133 10.333% 0.643% 4.991% 11.130% 0.516%
CeH-D 100 136 113 114 112 98 14.302% 11.526% 13.376% 11.335% 2.273%
F-T-F-D: Freezing thawing- Freeze drying; F-T-H-D:Freezing thawing- Heated-air drying; F-T-V-D:Freezing thawing- Vacuum drying;CeF-D:Cooked- Freeze drying; C-M-
D:Cooked -Microwave drying;CeH-D:Cooked eHeated air drying.
Table 4
Effect of drying methods and grain size on the carotenoid content (mg/kg).
Heated-air drying Microwave drying Vacuum drying Freeze drying
80e120 meshes 114.4 231.2 264 344.8
160e200 meshes 85.6 110 193.6 200.8
>240 meshes 58.4 73.2 175.6 144.4
Table 5
Analysis of variance on the carotenoid content of different drying methods and grain
sizes.
Differences source SS df MS F P
Grain size 33,729.15 2 16,864.57 5.14 0.000
Drying methods 39,845.39 3 13,281.8 4.76 0.019
error 7232.45 6 1205.41
total 80,806.99 11
Y. Gong et al. / Engineering in Agriculture, Environment and Food 8 (2015) 137e142140sizes and drying methods were 0.000 and 0.019, respectively; thus,
different particle sizes and drying methods signiﬁcantly affect the
carotenoid content of carrot powder.
Fig. 1 shows the changes in the carotenoid content of raw carrot
powder with different particle sizes. Fig. 1 shows that the carot-
enoid content of smashed carrots, which were dried using four
drying methods, evidently decreases with decreasing particle size
because carotenoid easily breaks down when it is exposed to light
and carrot micro-powder has signiﬁcantly increased chances of
contacting light to oxidize and break down when the particle sizeFig. 1. Effect of the grain size on the carotenoid content.decreases and surface area increases.
Fig. 2 shows the changes in carotenoid content of raw carrot
powders that were prepared using different drying methods. Fig. 2
shows that the freeze-dried carrot powder has the highest carot-
enoid content, followed by the vacuum-dried powder, and the
heated-air dried powder has the lowest carotenoid content because
carotenoid contains a hydrocarbon with an unsaturated double
bond or its oxygen derivatives, which are unstable and sensitive to
oxygen, light, heat and acid. The decomposition speed of carotenoid
increases with increasing temperature, and the heated-air drying
process has s higher temperature, so carotenoid was lost.
Fig. 3 shows the changes in the carotenoid content of a carrot
powder that was crushed using 160e200 meshes with different
pretreatment methods. The freezing-thawed carrot powder has a
higher carotenoid content than fresh and cured powder. Carotene is
released because the carrot cells are destroyed in the freezing-
thawing process; a type of carotenoid is released because of theFig. 2. Effect of the drying methods on the carotenoid content.
Fig. 3. Effect of the pretreatment methods on the carotenoid content.
Table 6
Factors and levels.
Level A Drying method B Pretreatment method C Particle size/meshes
1 vacuum drying fresh carrot 1(80e120)
2 Freeze drying cured carrot 2(160e200)
3 Heated-air drying froze thawing carrot 3(>240)
4 Microwave drying fresh carrot 4(>240)
Y. Gong et al. / Engineering in Agriculture, Environment and Food 8 (2015) 137e142 141ripening method, which destroys the cell walls of the carrot cells
with the microwave high temperature. The decomposition speed of
carotenoid increases with increasing temperature in high-
temperature processes, so the freezing-thawed carrot has the
highest carotenoid content.
3.5. Orthogonal test of the inﬂuence factors of the carotenoid
content
The orthogonal test analyzes the effects of three factors (drying
method, pretreatment method and carrot powder particle size) onTable 7
Orthogonal design and results.
Number Drying method A Pretreatment B Particle siz
1 1(Vacuum drying) 1(fresh) 1(80e120)
2 1(Vacuum drying) 2(cured) 2(160e200
3 1(Vacuum drying) 3(froze thawing) 3(>240)
4 1(Vacuum drying) 4(fresh) 4(>240)
5 2(Freeze drying) 1(fresh) 2(160e200
6 2(Freeze drying) 2(cured) 1(80e120)
7 2(Freeze drying) 3(froze thawing) 4(>240)
8 2(Freeze drying) 4(fresh) 3(>240)
9 3(Heated-air drying) 1(fresh) 3(>240)
10 3(Heated-air drying) 2(cured) 4(>240)
11 3(Heated-air drying) 3(froze thawing) 1(80e120)
12 3(Heated-air drying) 4(fresh) 2(160e200
13 4(Microwave drying) 1(fresh) 4(>240)
14 4(Microwave drying) 2(cured) 3(>240)
15 4(Microwave drying) 3(froze thawing) 2(160e200
16 4(Microwave drying) 4(fresh) 1(80e120the carotenoid content of carrot powder. An orthogonal test with
three factors and four levels L16 (34) was designed. Table 6 shows
the factors and levels of the test.
The test was performed according to the design of the test
project and a certain test index. Table 7 shows the scheme and
results of the experiment, and Table 8 shows the result analysis.
It could be known from analysis of the Table 8, the drying
method showed the most pronounced effect on the carotenoid
content of carrot powder and followed by pretreatment way and
carrot powder particle size. The carotenoid content after freeze
drying is high and that after heated-air drying is the lowest.
Moreover, after drying and crushing, the freezing-thawed carrot
powder has a higher carotenoid content than the microwave-cured
powder.When the particle size decreases, the carotenoid content of
carrot powder decreases. The carrot powder with 80e120 meshes
has the highest carotenoid content because when the carrot pow-
der particle size decreases, its surface area increases and the degree
of oxidation increases. The interaction functions of A  B and A  C
do not affect the test results; the optimum scheme for A2B3C1 is
vacuum freeze drying, freeze-thawed carrot powder, and the par-
ticle size is 80 e120 meshes. These conditions yield the highest
carotenoid content.
4. Conclusion
The analysis of the correlation between the color characteristic
parameters and the carotenoid content shows that the carotenoid
content in carrot powder is highly interrelated to G/(RþGþ B) and
has an extremely signiﬁcant test level (a ¼ 0.01). Moreover, the
correlations between the carotenoid content in carrot powder and
the three color characteristic parameters R/(RþGþ B), G/R and R/G
have a signiﬁcant test level (a ¼ 0.05). Therefore, these color
characteristic parameters can be used to establish a prediction
model of carotenoid content in carrot powder.
Based on the experimental analysis of the carotenoid content in
carrot powder using digital image and color feature analysis tech-
nology, an estimation model was established for the quantitative
relation between the carotenoid content and its color feature in
carrot powder. The performed test indicates that themodel ﬁts well
and the experimental error is tiny, which can provide a foundation
for a rapid test of the carotenoid content in carrot powder.
It could be known from analysis of the Table 7, the drying
method showed the most pronounced effect on the carotenoid
content of carrot powder and followed by pretreatment way and
carrot powder particle size. The carotenoid content after freeze
drying is high, and that after heated-air drying was the lowest.e/meshes C A  B A  C Carotenoid content/(mg/kg)
1 1 281ab
) 2 2 223cd
3 3 200d
4 4 211d







) 1 3 198de
2 3 172e
1 4 205d
) 4 1 258b
3 2 222cd
Table 8
Results of the nutrient components in carrot power and the analysis.
Index Carotenoid content (mg/kg)
Factors A B C A  B A  C
K1 915.6 1820.4 993.6 982.8 950.4
K2 1071.6 819.6 956.4 906.0 945.6
K3 806.4 1010.4 1700.4 853.2 807.6
K4 856.8 e e 908.4 946.8
k1 228.9 227.6 248.4 245.7 237.2
k2 267.9 204.9 239.1 226.5 236.4
k3 201.6 252.6 212.2 213.3 202.1
k4 214.2 e e 227.1 236.7
R 66.3 47.7 36.2 32.4 35.1
Factors optimal level A2 B3 C1 (A  B)1 (A  C)1
Primary and secondary factors A 、B、C、 A  C 、A  B
Optimal scheme A2B3C1
Y. Gong et al. / Engineering in Agriculture, Environment and Food 8 (2015) 137e142142Moreover, after drying and crushing, the freezing-thawed carrot
powder has a higher carotenoid content than the microwave-cured
powder.When the particle size decreases, the carotenoid content of
carrot powder decreases. The carrot powder with 80e120 meshes
has the highest carotenoid content. Thus, with vacuum freeze
drying, freeze-thawing and a particle size of 80e120 meshes, carrot
powder has the highest carotenoid content.
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